Abstract
INTRODUCTION
Gastric volvulus (GV) is a rare condition that is defined as pathological rotation of the stomach. Laxity of gastric attachment constitutes the pathophysiological basis for the development of GV [1] . According to the axis of rotation, GV can be classified into organoaxial (long axis Yao-Chun Hsu, Chin-Lin Perng, Chun-Ku Chen, Jai-Jen Tsai, Hwai-Jeng Lin
BRIEF ARTICLE
connecting the gastroesophageal junction to the pylorus), mesenteroaxial (short axis bisecting the lesser and greater curvature), and combined type [2] . Although GV has been reported in all ages, it is more often diagnosed in elderly patients [3] [4] [5] [6] . Clinical presentations of GV vary widely from incidental radiographic findings to life-threatening catastrophes, depending on its rapidity of onset, degree of rotation, and subsequent extent of obstruction [7] [8] [9] . Barium study may be considered as the diagnostic tool of choice, because of its accuracy in demonstrating the abnormal rotation and in estimating the amount of obstruction [4, 6, 10, 11] . Definitive treatment of GV includes reduction of the twisted stomach, percutaneous endoscopic gastrostomy, gastropexy, and repair of the predisposing structural defects [4] [5] [6] [12] [13] [14] . Acute GV usually presents with progressive abdominal (intra-abdominal volvulus) or chest (intra-thoracic volvulus) pain, severe vomiting, and epigastric distention [15] . The classical Borchardt's triad, which comprises severe epigastric pain, unproductive retching, and inability to pass a nasogastric tube, represent total gastric outlet obstruction [16] . Acute GV can lead to strangulation, necrosis, and perforation of the stomach, and should be regarded as a surgical emergency [7] . In contrast, chronic GV might be completely asymptomatic or manifest with recurrent non-specific symptoms such as vague abdominal pain, abdominal fullness, chest pain, retching, acid reflux, and dysphagia [8, 9] . The natural history of chronic GV remains poorly understood. Although theoretically chronic GV can transform into acute volvulus, the actual incidence is unknown. Clinical outcomes of chronic GV patients managed conservatively without anatomical correction has not been investigated.
The aim of the present study was to investigate the manifestations, performance of diagnostic modalities, and specifically clinical outcomes of a large chronic GV cohort who received conservative management.
MATERIALS AND METHODS

Setting and patients
This was a retrospective study of consecutive chronic GV patients, which was conducted in a tertiary medical center that serves a metropolitan area of 11 million inhabitants in northern Taiwan (Taipei Veterans General Hospital). The Institutional Review Board of the hospital approved the study protocol. We reviewed the medical records and computerized database of all patients with a diagnosis of GV between October 2002 and July 2008. Eligible patients were identified by the following inclusion criteria: (1) unequivocal findings of a twisting stomach on upper gastrointestinal (GI) barium study; (2) age ≥ 20 years; (3) no urgent endoscopic or surgical intervention within 1 mo after diagnosis; and (4) no coexisting malignancy in the upper GI tract. An experienced radiologist (CKC) reviewed each barium study to confirm the diagnosis of GV.
Patients were excluded from analysis if they were not frequently followed up at least every 3 mo after diagnosis.
We excluded those who received endoscopic or surgical management within 1 mo after diagnosis, to assure our study subjects were all chronic, instead of acute GV cases. In all enrolled subjects, upper GI endoscopy and computed tomography were performed for regular indication at the discretion of treating physicians. Conservative treatment of chronic GV was defined as no anatomical reduction or correction by endoscopic or surgical procedures, and comprised mainly prokinetic agents, anti-secretory therapy, and life style as well as diet modification.
Outcome measures and data collection
The primary endpoint of this study was clinical outcome during the follow-up period. We defined three categories of outcome: (1) severe complications including strangulation or perforation of the stomach, complete obstruction, and hypovolemic shock; (2) recurrence of symptoms as documented on the medical records; and (3) no or negligible recurrent symptoms throughout the follow-up period. Pertinent demographic and clinical data of the eligible patients were abstracted, which included age, sex, presenting symptoms, time interval between symptom onset and diagnosis, comorbidity, and findings of other diagnostic modalities (plain radiograph, sonography, and endoscopy). In addition, we determined if predisposing factors for secondary GV were present. Paraesophageal hernia was defined as a stomach protruding through the esophageal hiatus, with the gastroesophageal junction in a normal position at the level of the diaphragm [17] , and eventration of the diaphragm as abnormal elevation of an intact hemidiaphragm [18] . Peritoneal adhesion was defined to be present if there was previous abdominal or thoracic surgery, or history of peritonitis [19] .
Statistical analysis
Continuous variables were expressed with median and interquartile range (IQR) and categorical variables with proportions. Mann-Whitney test was used to compare continuous variables and χ 2 test was used for univariate analysis of proportions. Fisher's exact test was applied in the case of expectant values below 10. All statistical analyses were conducted using SPSS for Windows version 14 (SPSS Inc., Chicago, IL, USA), and SAS version 9.1 (Cary, NC, USA). Symptom recurrence was estimated using the Kaplan-Meier method and compared by the log-rank test from the time of diagnosis. Independent risk factors predictive for symptom recurrence were determined by the Cox proportional hazards model. For all tests, P < 0.05 was considered statistically significant.
RESULTS
Fifty-five chronic GV patients were identified by the inclusion criteria, but 11 were excluded from analysis because they were not closely followed up with an interval of at least 3 mo. We contacted these excluded patients or their family by telephone to document the ultimate clinical outcomes. Two had died from unrelated diseases, and no surgical intervention was reported in any of these patients. Baseline demographics of these 44 enrolled patients are summarized in Table 1 . They were predominantly male (84%), of advanced age (median: 71 years old, IQR: 57.5-78 years). Common presenting symptoms were abdominal pain (57%), abdominal fullness (55%), chest pain (41%), and nausea (39%). Secondary GV was present in 26 patients, most of whom had more than one etiology (Table 2) . Twenty-eight patients (64%) experienced recurrence of symptoms during follow-up (median: 16 mo, IQR: 6-36 mo) (Figure 1 ). None developed acute complications in this study. Among the 44 enrolled patients, only one underwent elective open surgery for frequent symptoms, and the remaining 43 patients received conservative treatment throughout the study period.
The diagnosis of GV was confirmed by barium study in all patients. The performance of other diagnostic modalities is summarized in Table 3 . Plain abdominal and thoracic radiography each suggested GV in one patient, but neither was diagnostic. Sonography failed to disclose clues of GV in any patient. Among the 25 patients who underwent upper GI endoscopy, six (24%) were suspected and two (8%) were confirmed to have GV.
Probable risk factors for recurrence, as determined by univariate analysis, are presented in Table 4 . Factors associated with recurrence included longer duration between onset of symptoms and diagnosis (divided by 1.6 mo, P = 0.065), previous thoracic or abdominal operation (P = 0.061), and peritoneal adhesion (P = 0.015, Figure 2) . The multivariate regression analysis (Cox proportional hazards model) indentified that peritoneal adhesion (hazard ratio: 2.58, 95% CI: 1.08-6.13, P = 0.033) was independently associated with recurrence.
DISCUSSION
We demonstrate that conservative treatment with watchful observation appears to be a safe therapeutic option in patients with chronic GV. None of the study subjects develop devastating complications during the follow-up period (up to 69 mo), and only one out of 44 patients turned to elective surgery. Nevertheless, symptom recurrence is a common feature in the natural history of chronic GV. This study revealed that 64% of the patients without anatomical correction experienced recurrent symptoms within a median follow-up period of 16 mo. We also identified peritoneal adhesion as an independent risk factor associated with recurrence.
Chronic GV is a disease of recurrent non-specific symptoms in the absence of immediate life-threatening complications. The potential risk of acute strangulation and its associated high mortality rate is regarded as the major indication for surgery [4, 12] . Nevertheless, the natural history of chronic GV is poorly understood, and no study has addressed the incidence of chronic GV transforming into acute GV. Catastrophic complications of acute GV result from vascular compromise secondary to strangulation, therefore, transient or partial volvulus might not suffice to bring about severe vascular insufficiency that causes subsequent gastric infarction. With ligamentous attachment, a twisting stomach can spontaneously reduce after intermittent rotation [1] . Therefore, sustained and complete volvulus might not occur in the majority of chronic GV patients as frequently as it was often feared. Consistent with our finding, Al-Salem et al [20] have reported successful conservative treatment in 11 pediatric patients with chronic GV, and have concluded that those with mild to moderate symptoms should be treated conservatively. Similarly, in a large series conducted by Teague et al [4] , clini- cal outcomes were uneventful in the two patients treated conservatively. Diagnosis of chronic GV is difficult and requires a high index of suspicion and confirmatory upper GI barium study. In the present study, most patients presented with abdominal fullness, abdominal pain, chest pain, and nausea, all of which were non-specific and could be easily misdiagnosed as dyspepsia, peptic ulcer, gastroesophageal reflux disease, or other conditions. Furthermore, usual initial examinations for patients with similar symptoms were not diagnostic (Table 3) . Plain radiography might be suggestive in a few patients [21, 22] , but generally it fails to uncover GV below the diaphragm. Abdominal sonography was not helpful in our study, and did not reveal GV in any of our patients. Even upper GI endoscopy cannot be regarded as an ideal diagnostic tool, because we demonstrated that, in the 25 patients who underwent endoscopy, the diagnosis of GV was missed in 17 (68%). Our results were consistent with previous studies, which reported upper GI barium examination as the most accurate diagnostic procedure, followed by endoscopy [4, 6] . As a result of the poor performance of routine examinations, patients with chronic GV might remain undiagnosed unless a barium study is conducted, which is not usually part of routine work-up. As a result, many, and probably most of the chronic GV patients are unrecognized, and the prevalence of this disease is underestimated [23] . Our finding of the infrequent trans- formation from chronic GV to an emergency situation lends additional support to this postulation, because misdiagnosis would be easy with only mild to moderate, non-specific symptoms.
Our study demonstrates that recurrence is a major feature in the natural history of chronic GV. The median recurrence-free period was only 3 mo. In fact, this was likely to have been an underestimate because mild or unreported symptoms were not categorized as recurrence for the purpose of this study. We further identified peritoneal adhesion as an independent risk factor associated with recurrence. Adhesion within the abdomen might predispose to GV by acting as an axis of rotation [7] , and might also hamper spontaneous gastric reduction. Although it has long been reported that chronic GV recurs repeatedly if it is not anatomically corrected [8, 9, 24] , this is believed to be the first study to explore specifically the incidence and risk factors of recurrence. Whether peritoneal adhesion heralds higher risk of gastric strangulation is a serious concern, but was not observed in this study. More studies are necessary to uncover the predictors of acute complications for chronic GV.
Laparoscopic surgery has recently become the trend, with encouraging results for anatomical correction of GV [4, 5, 25] . Accordingly, management of each chronic GV patient should be carefully individualized. It is important for clinicians to take patients' age, comorbidity, physical performance, life expectancy, and willingness into consideration. On one hand, chronic GV seems to result in acute complications uncommonly, but on the other, it recurs very frequently. Our results should not be misinterpreted to suggest that we undertook vigilant observation appropriate for every patient with chronic GV, because we did not correct the underlying pathology and recurrence was very common. With current evidence, we suggest that laparoscopic surgery can be regarded as the treatment of choice in good surgical candidates. However, conservative treatment with watchful follow-up appears as a safe alternative for those unwilling to accept or who are unsuitable for invasive procedures. Randomized trials might be necessary to elucidate the most appropriate management in chronic GV patients with different surgical risks, but they are very difficult to conduct.
Several limitations of this study should be noted. First of all, this was an observational study, rather than a comparative trial. We might have demonstrated that conservative management of chronic GV was not a risky alternative, but we did not claim conservative treatment was better than surgery. Second, the retrospective design precluded a standardized protocol of management. For example, not all patients underwent all kinds of diagnostic examinations, and their respective pharmacotherapy was different. Nevertheless, because the primary aim of this study was to explore outcome of conservative management, instead of the efficacy of any specific medication, our conclusion would not have been changed even if we had controlled the medical therapy. Third, the sample size of 44 patients might not permit detection of more predictors for adverse outcomes, although this study was actually a relatively large series of chronic GV patients, in view of the rarity of this disease. Furthermore, since there was no acute complication in our study, it might be controversial whether symptomatic recurrence should be considered as a poor clinical outcome or simply an inevitable part of the natural history. Finally, this was a hospital-based study that consisted of patients with established diagnosis. For reasons of diagnostic difficulty, we assumed there were many undiagnosed chronic GV patients whom we did not have chance to investigate.
In conclusion, clinical presentation of chronic GV is not specific and correct diagnosis remains a challenge. With poor performance of other modalities, upper GI barium study remains the diagnostic tool of choice and should be performed in appropriate settings. Our study reveals that symptomatic recurrence is very common and is independently associated with peritoneal adhesion in chronic GV patients, without anatomical correction. Nevertheless, conservative treatment might be regarded as a safe alternative to surgery, because acute complications infrequently occur in these patients.
